
Software: STRUMPACK
STRUctured Matrix PACKage

• Fully algebraic solvers/preconditioners
• Sparse direct solver (multifrontal LU factorization)
• Approximate sparse factorization preconditioner
• Dense

– HSS: Hierarchically Semi-Separable
– BLR: Block Low Rank
– ButterflyPACK integration/interface:

- Butterfly
- HODLR
- HODBF

• C++, MPI + OpenMP + CUDA, real & complex, 32/64 bit integers
• BLAS, LAPACK, Metis
• Optional: MPI, ScaLAPACK, ParMETIS, (PT-)Scotch, cuBLAS/cuSOLVER, SLATE, ZFP

https://github.com/pghysels/STRUMPACK
https://portal.nersc.gov/project/sparse/strumpack/master/
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Other Available Software

HiCMA https://github.com/ecrc/hicma
HLib http://www.hlib.org/
HLibPro https://www.hlibpro.com/
H2Lib http://www.h2lib.org/
HACApK https://github.com/hoshino-UTokyo/hacapk-gpu

MUMPS http://mumps.enseeiht.fr/
PaStiX https://gitlab.inria.fr/solverstack/pastix

ExaFMM http://www.bu.edu/exafmm/

See also:
https://github.com/gchavez2/awesome_hierarchical_matrices
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STRUMPACK Hands-On Session



HODLR Compression of Toeplitz Matrix T (i, j) = 1
1+|i−j|

track-5-numerical/rank_structured_strumpack/build/testHODLR

• See track-5-numerical/rank_structured_strumpack/README

• Get a compute node:
qsub -I -n 1 -t 30 -A ATPESC2022 -q single-gpu

• Set OpenMP threads:
export OMP_NUM_THREADS=1

• Run example:
mpiexec -n 1 ./build/testHODLR 2000

• With description of command line parameters:
mpiexec -n 1 ./build/testHODLR 2000 --help

• Vary leaf size (smallest block size) and tolerance:
mpiexec -n 1 ./build/testHODLR 2000 --structured_rel_tol 1e-4 --structured_leaf_size 16
mpiexec -n 1 ./build/testHODLR 2000 --structured_rel_tol 1e-4 --structured_leaf_size 128

• Vary number of MPI processes:
mpiexec -n 12 ./build/testHODLR 2000 --structured_rel_tol 1e-8 --structured_leaf_size 16
mpiexec -n 12 ./build/testHODLR 2000 --structured_rel_tol 1e-8 --structured_leaf_size 128
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HODLR Compression of Toeplitz Matrix T (i, j) = 1
1+|i−j|

track-5-numerical/rank_structured_strumpack/build/testHODLR

OMP_NUM_THREADS=1 mpiexec -n 16 ./testHODLR 20000 --structured_rel_tol 1e-4

dense (2DBC) 20000 x 20000 matrix
- memory(T2d) = 201.925 MByte

Compression from matrix elements
HODLR

- total_nonzeros(H) = 297121
- total_memory(H) = 2.37697 MByte
- maximum_rank(H) = 12
- ||T-H||_F/||T||_F = 1.95816e-06
- ||X-T\(T*X)||_F/||X||_F = 2.90269e-06

GMRES it. 0 res = 140.258 rel.res = 1 restart!
GMRES it. 1 res = 0.000378084 rel.res = 2.69563e-06
GMRES it. 2 res = 7.45695e-09 rel.res = 5.31659e-11

- ||X-A\(A*X)||_F/||X||_F = 5.24893e-11
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Solve a Sparse Linear System with Matrix pde900.mtx
track-5-numerical/rank_structured_strumpack/build/testMMdouble{MPIDist}

• See track-5-numerical/rank_structured_strumpack/README
• Get a compute node:

qsub -I -n 1 -t 30 -A ATPESC2022 -q single-gpu
• Set OpenMP threads: export OMP_NUM_THREADS=1

• Run example:
mpiexec -n 1 ./build/testMMdouble pde900.mtx

• With description of command line parameters:
mpiexec -n 1 ./build/testMMDouble pde900.mtx --help

• Enable/disable GPU off-loading:
mpiexec -n 1 ./build/testMMDouble pde900.mtx --sp_disable_gpu

• Vary number of MPI processes:
mpiexec -n 1 ./build/testMMdouble pde900.mtx
mpiexec -n 12 ./build/testMMdoubleMPIDist pde900.mtx

• Other sparse matrices, in matrix market format:
NIST Matrix Market: https://math.nist.gov/MatrixMarket
SuiteSparse: http://faculty.cse.tamu.edu/davis/suitesparse.html
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GPU Performance for SuiteSparse Problems
track-5-numerical/rank_structured_strumpack/build/testMMdouble

See /grand/ATPESC2022/usr/MathPackages/datafiles/

OMP_NUM_THREADS=16 ./testMMdouble torso3.mtx
OMP_NUM_THREADS=16 ./testMMdouble torso3.mtx --sp_disable_gpu

time (seconds) GFlop/s
matrix N nnz GPU A100 16 CPU GPU A100 16 CPU
torso3 259,156 4,429,042 0.81 2.18 505.4 174.7
Geo_1438 1,437,960 60,236,322 9.54 147.72 3618.7 233.7
nlpkkt80 1,062,400 28,192,672 7.97 133.58 4056.6 242.0

Table: Numerical factorization time (seconds) and performance in terms of floating point operations per second.

24



Solve 3D Poisson Problem
track-5-numerical/rank_structured_strumpack/build/testPoisson3d{MPIDist}

• See track-5-numerical/rank_structured_strumpack/README
• Get a compute node: qsub -I -n 1 -t 30 -A ATPESC2022 -q single-gpu
• Set OpenMP threads: export OMP_NUM_THREADS=1

• Solve 403 Poisson problem:
mpiexec -n 1 ./build/testPoisson3d 40 --help --sp_disable_gpu

• Enable BLR compression:
mpiexec -n 1 ./build/testPoisson3d 40 --sp_compression BLR --help
mpiexec -n 1 ./build/testPoisson3d 40 --sp_compression BLR --blr_rel_tol 1e-2
mpiexec -n 1 ./build/testPoisson3d 40 --sp_compression BLR --blr_rel_tol 1e-4
mpiexec -n 1 ./build/testPoisson3d 40 --sp_compression BLR --blr_leaf_size 128
mpiexec -n 1 ./build/testPoisson3d 40 --sp_compression BLR --blr_leaf_size 256

• Parallel, with HSS/HODLR compression:
mpiexec -n 12 ./build/testPoisson3dMPIDist 40
mpiexec -n 12 ./build/testPoisson3dMPIDist 40 --sp_compression HSS \

--sp_compression_min_sep_size 1000 --hss_rel_tol 1e-2
mpiexec -n 12 ./build/testPoisson3dMPIDist 40 --sp_compression HODLR \

--sp_compression_min_sep_size 1000 --hodlr_leaf_size 128
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Rank Structured Preconditioning
track-5-numerical/rank_structured_strumpack/build/testPoisson3d

export OMP_NUM_THREADS=16
./testPoisson3d 50 --sp_compression none --sp_disable_gpu
./testPoisson3d 100 --sp_compression none --sp_disable_gpu

./testPoisson3d 50 --sp_compression blr --blr_rel_tol 1e-2

./testPoisson3d 100 --sp_compression blr --blr_rel_tol 1e-2

compression NONE BLR
mesh size 503 1003 503 1003

factor time (sec) 1.11 51.59 0.59 17.20
factor memory (MB) 902 16,477 533 5,190
compression - - 59% 31%
peak memory (MB) 2,316 43,956 1,366 16,809
solve time (sec) 0.05 0.78 0.17 2.32
GMRES its 1 1 7 12

Table: Multifrontal solver with block low rank compression for 3D Poisson equation, using compression tolerance ε = 10−2.
GMRES relative tolerance is 10−6.
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Rank Structured Preconditioning
track-5-numerical/rank_structured_strumpack/build/testMMdouble

export OMP_NUM_THREADS=16
./testMMdouble torso3.mtx --sp_compression NONE --sp_disable_gpu
./testMMdouble torso3.mtx --sp_compression BLR --blr_rel_tol 1e-2

matrix torso3 Geo_1438 nlpkkt80
compression NONE BLR NONE BLR NONE BLR
factor time (sec) 2.17 1.10 147.81 50.10 140.21 38.19
factor memory (MB) 1,855 1,281 38,523 17,999 30,199 10,128
compression 100% 70.1% 100% 46.7% 100% 33.5%
peak memory (MB) 5,505 3,694 109,741 45,603 89,171 40,775
solve time (sec) 0.09 0.14 1.80 10.69 1.46 5.54
GMRES its 1 2 1 18 1 15

Table: Multifrontal solver with block low rank compression for several SuiteSparse linear systems, using compression
tolerance ε = 10−2. GMRES relative tolerance is 10−6.
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